A mechanism enhancing the radiation power of a gas-discharge lamp based on a mixture of neon, nitrogen, and a mercury dichloride vapor in the blue-green spectral interval as compared with that for a lamp based on a mixture of only neon and a mercury dichloride vapor has been determined. The optical characteristics and the plasma parameters, as well as the value of the reduced electric field, at which the specific discharge power introduced into the excitation of exciplex molecules of mercury monochloride is maximum, are found. The research results can be used to create a more efficient exciplex lamp that emits radiation bands in the blue-green spectral interval. K e y w o r d s: discharge lamp, barrier discharge, radiation emission by exciplex molecules, plasma parameters, mercury dichloride, nitrogen, neon.
Introduction
Discharge plasma that arises in the mixture of a mercury dichloride vapor with other gases is a working medium for exciplex sources of coherent and spontaneous radiation in the blue-green spectral interval with the wavelength = 557 nm at the maximum emission intensity [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Such sources can be used in scientific researches, photonics, biotechnology, medicine, for the manufacture of gas-discharge indicator panels, as well as for the effective light control over photosynthesis, plant growth and development, and phytocenosis [13] [14] [15] [16] [17] . In contrast to available fluorescent lamps and thermal sources, exciplex lamps possess a number of advantages: (i) up to 90% or more of the total radiation power can be concentrated in a relatively narrow (≤10 nm at the half height) spectral band of a mercury monochloride molecule, and (ii) the specific radiation power exceeds the values that are characteristic of low-pressure lamps based on the resonance transitions in metal atoms [18] [19] [20] . During the last decade, LED lamps, which have the highest light yield (about 100 lm/W) in comparison with other light sources, became widely applied in the blue-green spectral interval. However, the application of powerful (more than 100 W) LED lamps is rather limited, because they have to be cooled down for their operational ability not to be lost [21] . There is no such limitation for excilamps in the visible spectral range, because the working surface of a radiator bulb can be scaled without changing the specific energy parameters [18, 19] . The creation of a gas-discharge plasma and the excitation of components in the working mixture of exciplex radiation sources were performed in the bulk, glowing, barrier, and surface discharges. In the sources of spontaneous radiation, helium was mainly used as a buffer gas. The lamps had a coaxial design, and the lateral surface of a quartz discharge tube served as the emitting area. For some scientific and technological applications, it is necessary to provide a higher radiation density and its uniformity over the radiator cross-section. It is also required that buffer gases that are "heavier" than helium should be used in the working mixture, because they have a lower penetrating power through the radiator walls and, thus, provide a longer exploitation period of radiation sources [15, 18, 19] .
The latter requirement became the aim of our research. More specifically, the study included the experimental detection of regularities in the optical characteristics of a gas-discharge plasma based on the mixtures of a mercury dichloride vapor with neon and with a small admixture of nitrogen, and the determination of the partial pressures of neon and nitrogen, at which the power of radiation emitted by a radiator in the blue-green spectral interval is maximum. The numerical simulation of the examined plasma included the calculation of such plasma parameters as the energy distribution functions of electrons, the transport and energy characteristics of the latter, the specific power losses of an electric discharge in various elementary processes, the electron concentration and temperature, and the rate constants for the processes of elastic and inelastic electron scatterings by the working mixture components as functions of the reduced electric field / (the ratio between the electric field strength and the total concentration of components in the working mixture). The calculation results made it possible to determine the optimum value of the / parameter, at which the power of radiation emitted by the lamp is maximum. On the basis of experimentally found emission characteristics of the discharge and the calculated plasma parameters, the population mechanism was determined for the 2 Σ + 1/2 state of mercury monochloride molecules under the operational conditions for a discharge lamp based on the mixture of a mercury dichloride vapor, neon, and a low nitrogen admixture and with barrierdischarge pumping.
Experimental Installation and Technique
A gas-discharge plasma was formed in the mixtures of a mercury dichloride vapor and nitrogen with the help of the barrier discharge in a device shown in Fig. 1 . The device was made from quartz tube 1 (34 mm in diameter, 200 mm in length). Two tungsten electrodes 3 (5 mm in diameter) were arranged along the discharge tube axis at a distance of 15 mm from it. One of the electrodes was inserted into quartz tube 2 (9 mm in diameter). To reduce the escape of a mercury dichloride vapor from the lamp into the pumping and gas-filling system, quartz appendix 5 with a capillary 0.5 mm in diameter was welded to the lamp bulb.
The spectral, time, and energy characteristics of the discharge lamp emission were studied on an experimental installation, whose schematic diagram is shown in Fig. 2 . The main units of this installation were as follows: radiator (R), pumping and gas-filling system (PGFS), pulse voltage generator (PVG), and radiation registration system. The latter included a monochromator SD-7 (M), photodetector (PD), photoelectron multiplier FEP-106 or linear electron multiplier 14ELU-FS, amplifier of electrical signals U5-9 (A), recorder KSP-4 (RR), voltmeter Shch-4300 (VM), oscilloscope S1-72 (O), and Rogowski coil (RC).
The working mixture was excited in the barrier discharge at the atmospheric pressure with the help of a power source providing a pulse-periodic output voltage. The pulse repetition frequency could be varied within an interval of 1-20 kHz, and the pulse voltage amplitude within an interval of 10-30 kV.
Working mixtures were prepared immediately in the device chamber. A powder of mercury dichloride salt (HgCl 2 ) 60 mg in mass was uniformly poured into a gas-discharge cuvette. When studying the optical characteristics of radiation emission by a gasdischarge plasma, the partial pressure of a saturated mercury dichloride vapor was created with the help of the self-heating of the working gas-vapor mixture obtained as a result of the discharge energy dissipation. After the salt loading, the radiator was dehydrated by the heating at a temperature of 50 ∘ C and the evacuation for two hours. The partial pressure of a saturated mercury dichloride vapor was determined according to the temperature of the coldest point of a radiator by interpolating the reference data of work [22] . The partial pressure of nitrogen was measured with the help of a standard diaphragm pressure gauge.
The discharge radiation was registered in the direction perpendicular to the lateral surface of a radiator quartz bulb and analyzed in a spectral interval of 420-600 nm. The radiation spectrum was registered using a diffraction monochromator with a 600-line/mm grating. The spectral resolution of the registration system was 2.4 nm. The registration system was calibrated with the help of a standard tungsten lamp SI 8-200 at the filament temperature = 2173 K. The voltage and current pulses produced by the radiator were registered using an oscilloscope S1-72. A signal was supplied to the oscilloscope input from a voltage divider and the integrating circuit of a calibrated Rogowski coil.
The amplitude-versus-time characteristics of radiation were determined using a linear photomultiplier 14ELU-FS. Its signal was registered using an oscilloscope S1-72.
The average power of radiation emission by the lamp was measured using a Quartz-01 device. After passing through a 0.25-cm 2 diaphragm, the optical signal arrived at the measuring head of the device. The power rad emitted from the whole radiator surface was determined using the expression [23] 
where reg is the power registered by a photodetector, Ω 0 the equivalent solid angle (its value equals 2 for a cylindrical surface [16] ), Ω det = det / 2 0 is the solid angle of a photodetector, det the area of a photodetector window, and 0 the distance between a photodetector and the radiation source.
The pulse power pulse was determined from the formula av = pulse Δ using the known average power av , as well as the duration Δ and the repetition frequency of pulses.
Research Results and Their Discussion
Plasma radiation spectra were examined in the following partial pressure intervals: 0.5-2 kPa for a mercury dichloride vapor, 5-140 kPs for neon, and 1-60 kPa for nitrogen. The voltage, current, and pulse repetition frequency were equal to 20-30 kV, 300-325 A, and 10-20 kHz, respectively.
A characteristic radiation spectrum registered at the pulse repetition frequency = 18 kHz is shown in Fig. 3 . The spectrum demonstrates only a system of electron-vibrational bands corresponding to the tran-
, ′′ = 9÷19 of a mercury chloride molecule (HgCl * ) [24] with a maximum radiation intensity at the wavelength = = 557 nm. The spectrum is characterized by a significant increase of the intensity on the long-wavelength side and a slow decrease of the radiation intensity in the short-wavelength region.
The shape of the spectral band and its halfheight width (15-16 nm) are similar to the parameters of spectral bands corresponding to the . Dependence of the radiation power emitted by a HgCl * molecule in the max = 557-nm spectral band on the partial pressure of neon for the discharge in the HgCl 2 -Ne mixture. The partial pressure of a HgCl 2 vapor is 1.5 kPa, the voltage pulse amplitude is 30 kV, and the pulse repetition frequency is 18 kHz Fig. 5 . Dependence of the radiation power emitted by a HgCl * molecule in the max = 557-nm spectral band on the partial pressure of nitrogen for the discharge in the HgCl 2 -N 2 -Ne mixture. The partial pressure of a HgCl 2 vapor is 1.5 kPa, the partial pressure of neon is 140 kPs, the voltage pulse amplitude is 30 kV, and the pulse repetition frequency is 18 kHz
Those spectra were obtained in the works, where the barrier discharge in the mixtures of a gas and a mercury dihalogenide vapor was formed in both large and small radiators. A drastic increase in the radiation spectrum intensity was observed in the longwavelength section and a slow decrease in the shortwavelength one. The spectra were characterized by an intensity decrease rate in the ultraviolet spectral section and by a broad radiation band. The radiation spectrum at low partial neon pressures (<40 kPa), if compared with the partial pressures higher than the Fig. 6 . Oscillograms of discharge current pulses ( ) and pulses of radiation power density ( ) for the max = 557-nm spectral band of a HgCl * molecule in the discharge in the HgCl 2 -N 2 -Ne mixture. The partial pressure of a HgCl 2 vapor is 1.5 kPa, the partial pressure of nitrogen is 20 kPs, the partial pressure of neon is 140 kPs, the voltage pulse amplitude is 30 kV, and the pulse repetition frequency is 18 kHz atmospheric one, was wider and extended further into the ultraviolet region.
The research results obtained for the integral characteristics, i.e., the dependence of the average radiation power on the partial pressures of the buffer neon and nitrogen gases, are shown in Figs. 4 and 5, respectively. For the discharge in the mixture of neon and a mercury dichloride vapor, an increase of the radiation power from 28 to 60 mW/cm 3 was observed with the growth of the neon partial pressure. At the same time, for a plasma in the gas mixture with the addition of nitrogen, the radiation power firstly increased to 180 mW/cm 3 , when the nitrogen partial pressure increased from 0 to 20 kPa; then it reached a plateau; finally, if the partial pressure of nitrogen grew further, a drastic decrease of the radiation power was observed in a pressure interval of 30-60 kPa.
The research results obtained for the temporal characteristics of a discharge plasma are presented in Fig. 6 . Figure 6 , illustrates an oscillogram of barrier discharge current pulses, and Fig. 6, b shows an oscillogram of the radiation power, for the mixture component content, at which the radiation power reached a maximum value. The maximum of the current pulse amplitude was 375 A. The current pulses were double, with different polarities, and a delay between them was 150 ns under our experimental conditions. The leading edge of a pulse was 10 ns long, and the total pulse duration was 50 ns. The emitted radiation pulses were also double, with the relative time shift between the components being equal to 150 ns. The amplitudes of the components were different in magnitude: the amplitude of the second pulse was larger. The error and reproducibility of the results of oscilloscopic measurements were 10% and 90%, respectively.
With the growth of the pulse repetition frequency, the average emission power of a gas-discharge plasma increased linearly up to 20 kHz. The discharge behavior was similar to that described in work [25] . It was observed visually that, as the pump pulse repetition frequency increased, the radiation emission intensity by a homogeneous discharge increased, whereas the radiation intensity of filamentary channels decreased. The thickness of the discharge region and the length of the discharge burning section amounted to 0.005 and 0.20 m, respectively.
Plasma Parameters
Nowadays, experimental physics does not possess satisfactory methods for the diagnostics of a dense gasdischarge plasma. Therefore, the parameters of a barrier discharge plasma under the optimal conditions for obtaining the maximum radiation power of the electric discharge in the HgCl 2 -Ne (0.0107-0.9893) mixture at a total pressure of 141.5 kPa and the HgCl 2 -N 2 -Ne (0.0093-0.1238-0.8669) mixture at a total pressure of 161.5 kPa were determined numerically. They were calculated as complete integrals of the electron distribution function over the energy (EDFE). The latter was determined, by solving the Boltzmann equation in the two-term approximation [26] . The EDFE calculations were performed using the well-known Bolsig+ computer program [27] .
The calculated EDFEs were used to find the average energy of electrons and the specific losses of the electric discharge power for various elementary processes in a plasma, as well as the rate constants for the elastic and non-elastic electron scatterings by mercury dichloride and nitrogen molecules and neon atoms and their dependences on the reduced electric field magnitude / . In calculations, the variation interval of the parameter / was equal to 1-150 Td, i.e. 1 × 10 −17 -15 × 10 −16 V cm 2 , and it included the values of this parameter that were realized in our experiments. All calculations were carried out for the discharge at the partial pressures of a mercury dichloride vapor and neon equal to 1.5 and 140 kPa, respectively, in the HgCl 2 -Ne mixture and at the partial pressures of a mercury dichloride vapor, neon, and nitrogen equal to 1.5, 140, and 20 kPa, respectively, in the HgCl 2 -Ne-N 2 mixture, at which the experimentally attained radiation power was maximum (Figs. 4 and 5, respectively).
When solving the Boltzmann kinetic equation, the following processes were taken into account in the integral of electron collisions with mercury dichloride, nitrogen, and neon molecules:
• elastic scattering and excitation of the energy levels of a nitrogen molecule:
• rotational level (a threshold energy of 0.020 eV); • ionization of a neon atom;
• dissociative excitation of electron states of mercury monochloride ( 2 Σ + 1/2 ); • ionization of mercury dichloride molecules. The data concerning the absolute values for the effective cross-sections of those processes, as well as their dependences on the electron energy, were taken from database [27] and works [28, 29] .
The electric field strength in a plasma, , was calculated by the formula [30] = pl / , where pl is the voltage applied across a plasma, and is the discharge gap width. The voltage pl applied across a plasma was determined in accordance with the second Kirchhoff rule, i.e., making use of experimentally measured values for the time behavior of the voltage applied to electrodes 3 (Fig. 1 ) of radiator R with regard for the voltage drop ins across the capacitance of insulator 2 (Fig. 1) [6, 30] ,
The voltage ins was calculated from the displaced charge and the dielectric barrier capacitance , ins = / . In the case of a discharge in the mixture of a mercury dichloride vapor and neon, the electric field strength in a plasma was equal to = 2.2 × 10 6 V/m and the reduced electric field to / = 100 Td for the total concentration of mixture components = 2.2 × 10 25 m −3 , at which the maximum emission power in the spectral band of a mercury monochloride molecule ( max = 557 nm) was experimentally observed. The corresponding values of those parameters in the case of the mercury dichloride vapor + + neon + nitrogen mixture were as follows: = 2.2 × × 10 6 V/m, / = 90 Td, and = 2.5 × 10 25 m −3 . The dependence of the average energy of discharge electrons on the parameter / in a plasma based on the HgCl 2 -Ne mixture is the strongest in the interval / = 1÷17 Td, where it increases linearly from 2.3 to 7.2 eV ( Fig. 6, curve 1 ). In the interval / = 17÷150 Td, the average electron energy also increases (from 7.2 to 15.9 eV), but more slowly. The average energy of electrons increases more slowly in this / -interval because of the energy losses by fast electrons on the excitation of energy states in a mercury dichloride molecule and a neon atom. For the discharge in the HgCl 2 -N 2 -Ne mixture, the dependence of the average energy of discharge electrons on the parameter / is the strongest in the interval / = 1÷21.6 Td (Fig. 7, curve 2 ) , where it increases linearly from 0.4 to 3.4 eV. Again, in the interval / = 21.6÷150 Td, the average electron energy increases more slowly from 3.4 to 11.4 eV, which is associated with the energy losses by fast electrons on the excitation of energy states in a mercury dichloride molecule, nitrogen molecule, and neon atom. For the reduced electric fields of 100 and 90 Td, at which the experimental studies were carried out, the average electron energy was equal to 13.1 and 8.5 eV, the maximum electron energy to 121 and 80 eV, the electron drift velocity to 2.4 × 10 5 and 2.2 × 10 3 m/s, and the electron concentration to 0.98 × 10 6 and 1.07 × 10 6 m −3 for plasmas in the HgCl 2 -Ne and HgCl 2 -N 2 -Ne mixtures, respectively.
The distribution of the specific discharge power losses on main elementary processes, when the reduced electric field strength varies within the interval / = 1÷150 Td, is shown in Fig. 8 . For the process of dissociative electron excitation of the 2 Σ + 1/2 state of mercury monochloride molecules, the specific power losses of the discharge increase with the parameter / . They reach maximum values of 63% and 1.4% at / = 1 and 26.7 Td in the discharge in the HgCl 2 -Ne and HgCl 2 -N 2 -Ne mixtures, respectively, and decrease, if the / parameter increases further. The specific power losses of a discharge on the excitation of the metastable 3 Π state of a nitrogen molecule (Fig. 7, curve 3 ) has a similar dependence on the reduced electric field strength and reached a maximum of 11% at / = 37 Td.
The magnitudes of specific discharge power losses on those processes and the rates of their increase or decrease are associated with the absolute values of the effective cross-sections of the energy states and the character of their dependence on the electron energy, with the dependence of the EDFE on / , and with the threshold energies of dissociative excitation for mercury monochloride and nitrogen molecules and a neon atom. For the process of dissociative electron excitation of the 2 Σ + 1/2 state of a mercury monochloride molecule, the specific discharge power losses amounted to 0.9% and 0.6% at the experimental reduced electric field strengths / = 100 and 90 Td in a plasma in the HgCl 2 -Ne and HgCl 2 -N 2 -Ne mixtures, respectively. For the electron excitation of the metastable 3 Π state of a nitrogen molecule, the specific discharge power losses amounted to 6.2% for the reduced electric field strength / = 90 Td. Figure 9 illustrates the results of numerical calculations for the rate constants of the dissociative electron excitation of the 2 Σ + 1/2 state of a mercury monochloride molecule (curves 1 and 2 ) and the electron excitation of the metastable 3 Π state of a nitrogen molecule (curve 3 ). The rate constants for the former process fall within an interval from 3 × 10 −25 to 3.4 × 10 −15 m 3 /s, if the parameter / varies from 1 to 150 Td. For the reduced electric field strengths / = 100 and 90 Td, the dissociative electron excitation rate constants for the 2 Σ + 1/2 state of a mercury monochloride molecule equal 3.1 × 10 −15 m 3 /s (fror the HgCl 2 -Ne mixture) and 2.1×10 −15 m 3 /s (for the HgCl 2 -N 2 -Ne mixture), respectively.
In the case of a gas-discharge plasma in the mixture of a mercury dichloride vapor with neon and nitrogen, the spectral bands with a maximum at the wavelength = 557 nm, which corresponds to the electronvibrational transition 2 Σ + 1/2 → 2 Σ + 1/2 of a HgCl * molecule, arise as a result of the processes leading to the formation and destruction of the 2 Σ + 1/2 state of Fig. 9 . Dependences of the rate constant of the dissociative electron excitation of the 2 Σ + 1/2 state of a mercury monochloride molecule in the discharge (1 ) in the HgCl 2 -Ne (0.0107-0.9893) mixture at a total pressure of 141.5 kPa and (2 ) in the HgCl 2 -N 2 -Ne (0.0093-0.1238-0.8669) mixture at a total pressure of 161.5 kPa, and (3 ) the rate constant of the dissociative electron excitation of the 3 Π state of nitrogen molecules on the parameter / mercury monochloride. The main of those processes are as follows [28, 29, 31, 32] :
HgCl( 2 Σ + 1/2 ) → HgCl( 2 Σ + 1/2 ) + ℎ , max = 557 nm (2) and
where is the concentration of HgCl 2 and N 2 molecules and Ne atoms, and Δ is the reaction energy difference. Reactions (1) are the main source of the formation of exciplex HgCl * molecules [28, 29] . The electron-vibrational transitions 2 Σ + 1/2 → → 2 Σ + 1/2 in HgCl * molecules lead to the emission of spectral bands with the maximum intensity at the wavelength max = 557 nm (reaction (2)). In the quenching reaction (3), the electron-vibrational transition of a mercury dichloride molecule into the ground state takes place without radiation emission.
In addition to processes (1)-(3) resulting in the formation or destruction of the 2 Σ + 1/2 state of a mercury monochloride molecule, the following processes are also possible:
and
Process (4) describes the electron excitation of HgCl 2 molecules into the state [33, 34] . This state of a mercury dichloride molecule is the sum of all states located between the threshold energy (6.4 eV) and the ionization energy (11.4 eV) [33] . One may expect that the effective electron excitation cross-section for this state of a mercury dichloride molecule should be close to the corresponding parameter for the state of a mercury dibromide molecule, which equals 10 −5 cm 2 [34] . No emission by a HgCl 2 molecule in the state is observed, because this state redissociates with the formation of a mercury monochloride molecule in the or state. Under our experimental conditions, the emission from the and states of a mercury monochloride molecule was not observed owing to the high efficiency of the quenching process (5) [6] . The population of this state is transmitted into the 2 Σ + 1/2 state of HgCl molecules or into other non-optical channels [6, 34] .
A drastic intensity increase in the long-wavelength region of the spectrum and a slow decrease in its short-wavelength region (Fig. 3) can be explained by the behavior of potential curves (the excited 2 Σ + 1/2 state turns out shifted with respect to the 2 Σ + 1/2 state toward larger distances between the nuclei) and the relaxation processes in the populations of the upper oscillatory levels of the excited electron state (those processes take a shorter time, than the electron-oscillatory transition into the ground 2 Σ + 1/2 state does [35, 36] ). The behavior of the dependence of the radiation emission power by HgCl * molecules on the partial pressure of neon and nitrogen (Figs. 4 and 5, respectively) is governed, first of all, by the following processes:
• the electron concentration growth with an increase of the partial pressure of neon or nitrogen in the mixture,
• the change of the discharge energy fraction that is spent to heat up the working mixture,
• the variations of the average electron energy and the rate constant for the excitation of a mercury monochloride molecule with the change of the parameter / , and • the quenching of the 2 Σ + 1/2 state of a HgCl * molecule, when the latter collides with neon atoms and nitrogen molecules [30, 37] .
When the partial pressure of neon or nitrogen in the mixture decreases, the value of the parameter / decreases. As a result, the fraction of the discharge power that is spent on the elastic scattering of electrons by neon atoms or nitrogen or mercury dichloride molecules increases, and, accordingly, the partial pressure of a mercury dichloride vapor and the radiation power in the spectral band of HgCl * molecules grow. In addition, the increase of the radiation power with partial pressure of neon and nitrogen also favors the electron concentration growth, which increases together with the component concentrations in the working mixture [30] . The saturation of the radiation power magnitude, when the neon partial pressure continues to grow, is a result of the equilibrium established between the processes of excitation and quenching of the 2 Σ + 1/2 state of mercury monochloride molecules (processes (1)-(3)). A maximum and a further decrease of the radiation power emitted by exciplex HgCl * molecules, when the partial pressure of nitrogen grows further, are induced by the quenching of the 2 Σ + 1/2 state of mercury monochloride molecules, when they collide with nitrogen molecules (process (3)) [30, 37] . The rate constants of this process for quenching the mercury monochloride molecules with neon atoms and nitrogen molecules equal 3.3×10 −20 and 6.1×10 −20 m 3 /s, respectively [31] .
The oscillatory structure of a current pulse (Fig. 6, ) is a result of the insulator capacitance charging and discharging during the voltage pulse action with an amplitude sufficient to break down the discharge gap [25] . The difference between the forms of current pulses at the front and back edges is explained by the opposite directions of a current flow through the discharge gap (1.4×10 −2 m) and, as a result, different conditions of charge spreading over the inner surface of an insulator under conditions of onebarrier discharge, which was used in our experiment.
The regularity in the difference between the intensity amplitudes of the first and second radiation pulses (Fig. 6, ) can be understood from the following consideration. The first and second pulses of the pump current give rise to the formation of a mercury monochloride molecule in the 2 Σ + 1/2 and 2 Σ + 1/2 states owing to the dissociation of a mercury dichloride molecule at its collision with electrons. The second pump pulse brings about an additional increase in the population of the 2 Σ + 1/2 state of a mercury monochloride molecule according to the process − + HgCl
where HgCl( 2 Σ + 1/2 ) is a mercury monochloride molecule in the ground state, which had no time to recover into a triatomic molecule (mercury dichloride) in the reaction [38, 39] HgCl
within a 150-ns time interval between the pulses. As follows from the calculation results (Figs. 7-9), the corresponding plasma parameters calculated for different gas mixture compositions (HgCl 2 -Ne or HgCl 2 -N 2 -Ne) at the experimental reduced electric field strengths of 100 and 90 Td, respectively, differ little from one another. Therefore, it is necessary to involve other elementary processes, which could explain a significant increase in the radiation power of a HgCl molecule ( → ) in the radiator based on the mixture of a mercury dichloride vapor with nitrogen and neon in comparison with the mixture without nitrogen (cf. Figs. 4 and 5 ). Such processes may include the process of energy transfer to mercury dichloride molecules at their collisions with nitrogen molecules in the metastable 3 Π state ( th = 7.35 eV),
as well as process (6) describing the quenching of the 2 Π 1/2 and 2 Π 3/2 states of a mercury monochloride molecule by mercury dichloride molecules, nitrogen molecules, and neon atoms with the radiationless transition into the 2 Σ + 1/2 state. According to the results of numerical calculations for the specific discharge power losses spent on the excitation of the metastable 3 Π state of nitrogen molecules and their dependence on the parameter / ( Fig. 8,  curve 3 ), the population of the metastable 3 Π state of a nitrogen molecule is maximum at the reduced electric field strength / = 37 Td. Accordingly, the population of the 2 Σ + 1/2 state of mercury monochloride molecules is also maximum at this / value. This circumstance provides the maximum energy radiation characteristics in the band belonging to the blue-green spectral interval at a wavelength of 557 nm at the band intensity maximum.
Conclusions
To summarize, a comparison of the calculation results obtained for the parameters of a gas-discharge plasma in the HgCl 2 -Ne and HgCl 2 -N 2 -Ne gas mixtures with the experimental data made it possible to establish the mechanism responsible for the growth in the intensity of the HgCl ( → ) emission in a gas-discharge plasma at the barrier discharge. This mechanism consists in that the population of the 2 Σ + 1/2 state of a mercury monochloride molecule increases owing to the collisions of nitrogen molecules in the metastable 3 Π state with mercury dichloride molecules; then the mercury monochloride molecule redissociates into the 2 Π 1/2 and 2 Π 3/2 states of a mercury monochloride molecule; finally, the radiationless transitions from those states at their quenching by mercury dichloride and into the 2 Σ + 1/2 state of mercury monochloride and nitrogen molecules, as well neon atoms, take place.
Our researches allowed the value of the reduced electric field strength to be determined, at which the specific contribution of the discharge electric power to the excitation of the 2 Σ + 1/2 state of mercury monochloride molecules in the discharge in the HgCl 2 -N 2 -Ne mixture is maximum, namely, / = 37 Td, which makes it possible to enhance the energy parameters of exciplex lamps emitting in the bluegreen spectral interval.
